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Bermudagrass (Cynodon dactylon (L.) Pers.) is a difficult weed to control in 
Zoysia spp. fairways. Aryloxyphenoxypropionate (AOPP) herbicides, commonly referred 
to as graminicides, have been used in various turfgrass settings for controlling 
bermudagrass contamination; however, applications of these materials can injure 
zoysiagrass.  Research has indicated that zoysiagrass injury can be reduced when 
multiple AOPP herbicides are tank-mixed with triclopyr, a synthetic auxin.  Experiments 
evaluated the efficacy and safening of several AOPP herbicides when tank-mixed with 
triclopyr for bermudagrass control in several Zoysia spp. fairways.  Experiments were 
also conducted to determine the response of bermudagrass and Zoysia spp. to varying 
application intervals and different rates of fluazifop applied alone or tank-mixed with 
triclopyr.  The tolerance of seeded „Zenith‟ zoysiagrass (Z. japonica Steud.) to various 
timings and rates of fluazifop, triclopyr, and fluazifop plus triclopyr was also assessed.  
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Zoysiagrass (Zoysia spp.) and bermudagrass (Cynodon dactylon [L.] Pers) are 
warm-season turfgrasses that grow best at temperatures ranging from 26-35°C (Beard 
1973). Both zoysiagrass and bermudagrass are used as managed turfs in golf course 
settings ranging from the Atlantic and Gulf Coasts to the northern portions of the 
transition zone, which spans the 37° North latitude and blends the temperate and 
subtropical climatic zones (Turgeon 1980).  Both species form dense turf stands and 
exhibit rhizomatous and stoloniferous growth habits (Christians 2004). 
Neither zoysiagrass nor bermudagrass are native species of the Americas.  
Zoysiagrass, also known as Japanese lawngrass or Korean lawngrass, is named after 
Austrian botanist Karl von Zois who introduced it to the United States in 1895 from the 
Manchurian Province of China (Aldous 1999; Christians 2004).   In 1951, Dr. Ian Forbes 
and associates of the Georgia Agricultural Experiment Station and Crop Research 
Division, located in Tifton, GA,  released the industry standard „Meyer‟ zoysiagrass 
(Zoysia japonica Steud.), named in honor U.S. Department of Agriculture plant explorer 
Frank N. Meyer who died unexpectedly during one of his expeditions (Dunn and 
Diesburg 2004). 
Bermudagrass originated on the eastern portion of the African continent (Beard 
1973; Christians 2004).  Bermudagrass was first reportedly introduced to the United 
States at the ports of Savannah, Georgia in 1751 as a contaminant in shipping ballast 
(Dickens 1985; Foy 2001; Webster et al. 2003).  Others believe it probable that Robert 
Miller, botanist for the Lords Proprietor, brought bermudagrass into Savannah several 
years earlier (Kurtz 2005).  During the early 1900‟s, the popular „Tif‟ varieties (hybrid 
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crosses of C. dactylon [L.] Pers and C. transvaalensis) were released from the Georgia 
Agricultural Experiment Station and Crop Research Division and increased the use of 
bermudagrass for golf course fairways throughout the South (Duble 1996). 
Bermudagrass as a Weed 
 The Weed Science Society of America defines a weed as any plant that is 
objectionable or interferes with the activities or welfare of man (Senseman 2007).  A 
more common definition of a weed is simply a plant growing in an unwanted place.  
Although bermudagrass is considered a desired turfgrass species in golf courses, sports 
fields, sod farms, and home lawn settings (Beard 1973), it can become a problematic 
weed when found growing in an unwanted setting (Teuton et al. 2005).   Recent surveys 
list common bermudagrass as one of the top 10 most troublesome weeds in fruit and nut 
crops, vegetables, nursery and ornamentals, turfgrass, and many agronomic crops, 
including corn (Zea mays L.), grain sorghum [Sorghum bicolor (L.) Moench], sugar cane 
(Saccharum officinarum L.), cotton (Gossypium spp.), peanut (Arachis hypogaea L.), and 
soybean [Glycine max (L.) Merr.] (Webster and Macdonald 2001).  
Under optimal conditions, bermudagrass is more vigorous and will out contest 
zoysiagrass for space and growth factors (Christians 2004; Johnson 1992).  Bermudagrass 
intrusion into a zoysiagrass stand is an example of plant-plant competition, in which both 
species are in a mutual struggle for limited growth factors (Ross et al. 1999).  Once 
bermudagrass contaminates zoysiagrass fairways, it becomes an arduous weed species 
with minimal control options.  Bermudagrass contamination can best be observed in the 
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early morning because leaf blades retain a more visible dew-pattern compared 
zoysiagrass leaves (Boyd 2000).   
Problems arise as a result of bermudagrass intrusion into a zoysiagrass monostand 
(Johnson et al. 1993).  Bermudagrass and zoysiagrass require different cultural practices 
to maintain a healthy turfgrass stand (Beard 1973).  Bermudagrass is virtually intolerant 
of shade while zoysiagrass is can survive in limited light situations (Beard 1973; 
Christians 2004; Vargas 2005).  The low temperature tolerance of bermudagrass is 
relatively poor plants will go dormant when soil temperatures near 10°C.  Zoysia 
japonica is extremely cold hardy and has been found to survive winters near the 
Canadian border (Christians 2004).  During winter dormancy, zoysiagrass has a golden-
tan dormancy color that is considered the most favorable of all warm-season grasses 
(Diesburg et al. 1993).   The nitrogen fertilization requirement for zoysiagrass is nearly 
half the rate of bermudagrass, which should receive 88 kg N/ha
-1
 per growing month 
(Beard 1973).  Bermudagrass is susceptible to turfgrass diseases, including dollar spot 
(Sclerotinia homeocarpa), several Helminthosporium diseases, brown patch (Rhizoctonia 
solani), bermudagrass rust (Puccinia cynodonitis), and spring dead spot (Leptosphaeria 
spp.), which is most devastating in the transition zone (Turgeon 1980).  Depending on 
conditions and locations, a preventative disease control strategy may have to be followed 
for bermudagrass (Vargas 2005).  Vargas (2005) considers zoysiagrass to be the ideal turf 
for golf course fairways in the transition zone due to its low disease potential, with the 
exception of large patch (Rhizoctonia solani).  
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Past Control Strategies 
Many past practices for controlling bermudagrass contamination from zoysiagrass 
fairways are unsuccessful and result in areas of the golf course being closed for 
renovation.  Removing the contaminated area and resodding with zoysiagrass can be 
costly and labor intensive.  Chemical control of bermudagrass is difficult because both 
turfs are C4 grasses and react similarly to postemergence herbicide treatments.  Multiple 
applications of the nonselective herbicide glyphosate will not effectively control 
bermudagrass because of its ability to regrow from deep rhizomes (Boyd 2000; Johnson 
1988).   
Acetyl-CoA Carboxylase Inhibiting Herbicides 
 Acetyl-CoA carboxylase (ACCase) inhibiting herbicides have been used for 
bermudagrass control in several turfgrass species, including tall fescue (Festuca 
arundinacea Screb.), creeping bentgrass (Agrostis stolonifera L.), Kentucky bluegrass 
(Poa pratensis L.), and zoysiagrass (Zoysia spp.) (Beam et al. 2005; Cudney et al. 1997; 
Dernoeden 1989; Dernoeden 1989a; Johnson 1992; Johnson and Carrow 1993; McElroy 
and Breeden 2006).  Collectively, ACCase inhibitors are commonly referred to as 
graminicides and are divided into five chemical families:  thiocarbamates, 
chloroacetamides, alaninopropionates, aryloxyphenoxy-propionates, and 
cyclohexanediones (Cobb 1992).  The aryloxyphenoxypropionate (AOPP) herbicides 
inhibit the enzyme acetyl-CoA carboxylase, which initiates the first committed step in de 
novo fatty acid synthesis by converting acetyl-CoA and CO2 to malonyl-CoA (Burton et 
al. 1987; Sasaki et al. 1995; Walker et al. 1988).  By blocking lipid biosynthesis, plants 
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are no longer able to produce the hydrophobic fatty acid tails of phospholipids that are 
essential components for new cellular growth (Senseman et al. 2007).  Foliar uptake of 
14
C-labelled AOPP herbicides is very rapid and is systemically translocated to the 
meristematic zones of the treated plant (Carr et al 1986).  The disruption of lipid 
biosynthesis causes cellular growth to cease within a few days after treatment, leading to 
necrotic tissue at the apical meristem (Figure 1A).  The two commonly used ACCase- 
inhibiting herbicides used in zoysiagrass turf are from the AOPP family, including 
fluazifop (trade name: Fusilade II) and fenoxaprop (trade name: Acclaim Extra).   
Fluazifop:  Research indicates that applying fluazifop (0.2 kg/ha) to a mixed common 
bermudagrass-zoysiagrass turf and followed by a sequential application (0.1 kg/ha) one 
month later resulted in significant bermudagrass suppression (35-22% cover) in year one 
and further suppression (3 -7% cover) in year two (Johnson, 1992).  In another study, 
three consecutive treatments of fluazifop (0.1 kg/ha) led to unacceptable injury to 
„Cavalier‟ and „Meyer‟ zoysiagrass (McElroy and Breeden 2006). 
Fenoxaprop:  Johnson (1993) found that one application of fenoxaprop (0.2 or 0.3 kg/ha) 
to a mixed stand of common bermudagrass and zoysiagrass reduced bermudagrass cover 
significantly over a two year period.   Dernoeden (1989) found that four applications of 
fenoxaprop suppressed bermudagrass growth 97-99%, but photoxicity occurred in 
„Korean‟ zoysiagrass.  Similarly, McElroy and Breeden (2006) reported three 
applications of fenoxaprop (0.13 kg/ha) injured „Cavalier‟ and „Meyer‟ zoysiagrass. 
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Synthetic Auxin Herbicides 
Synthetic auxin herbicides are used to control various broadleaf weed species in 
turfgrass settings.  Synthetic auxins mimic an exaggerated response to the naturally 
occurring plant growth hormone indol-3ly-acetic acid (IAA) and are categorized into four 
groups:  benzoic acids, phenoxycarboxylic acids, pyridine carboxylic acid, and quinoline 
carboxylic acid (Cobb 1992).  Even though synthetic auxins have been produced for 60+ 
years, the molecular mechanism of herbicide selectivity is not fully known (Senseman 
2007). Morphological responses include disorganized growth, including epinastic 
bending, swelling of stems, and leaf cupping in younger tissue (Cobb 1993) (Figure 1B).  
The herbicide triclopyr (trade name: Turflon Ester) is a pyridine carboxylic acid 
labeled for use in zoysiagrass turf (Anonymous 2008).  Cudney et al. (1997) found that 
tank-mixtures of triclopyr and fenoxaprop reduce common bermudagrass cover in cool-
season turf.  Bell et al. (2004) found that triclopyr applied alone at twice the labeled rate 
resulted in significant injury to common and hybrid bermudagrass.  McElroy and 
Breeden (2006) found that applying tank-mixtures of triclopyr with fluazifop and 
fenoxaprop suppressed bermudagrass growth while minimizing injury to „Cavalier‟ and 
„Meyer‟ zoysiagrass. 
Research Objectives 
 The premise of this research is to determine best management practices for 
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Figure 1 A Necrotic crown of Eleusine indica (L.) Gaertn. (goosegrass) two weeks 






Figure 1 B  Epinastic bending of Oenothera laciniata Hill (Cutleaf Evening-
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Aryloxyphenoxypropionate (AOPP) herbicides are used to control bermudagrass 
(Cynodon dactylon [L] Pers.) contamination in various turfgrass settings.  Applying 
AOPP herbicides alone can cause unacceptable injury to zoysiagrass (Zoysia spp.) but 
AOPP injury can be reduced when tank-mixed with triclopyr.  However, there is limited 
data illustrating the extent of bermudagrass control and differences between zoysiagrass 
variety tolerance when these two compounds are combined.  Research was conducted to 
determine the efficacy of multiple AOPP herbicides applied alone and tank-mixed with 
triclopyr for bermudagrass control in zoysiagrass fairways.  Treatments include three 
sequential applications of cyhalofop (0.32 kg/ha), fenoxaprop (0.14 kg/ha), fluazifop 
(0.11 kg/ha), and quizalofop (0.09 kg/ha) applied alone and tank-mixed with triclopyr 
(1.12 kg/ha) applied to „Tifway‟ bermudagrass [C. dactylon (L.) Pers. x C. transvaalensis 
Burtt-Davy], „Diamond‟ [Z. matrella (L.) Merr.], „Meyer‟ (Z. japonica Steud.), 
„Palisades‟ (Z. japonica Steud.), „Zenith‟ (Zoysia japonica Steud.), and „Zeon‟ [Z. 
matrella (L.) Merr.]  zoysiagrass fairways.  AOPP plus triclopyr improved control of 
„Tifway‟ bermudagrass over AOPP herbicides applied alone.  „Meyer‟, „Palisades‟, 
„Zenith‟, and „Zeon‟ zoysiagrass exhibited less injury when AOPP herbicides were tank-
mixed with triclopyr; however, „Diamond‟ zoysiagrass showed no tolerance to any of the 
herbicide treatments.  Visual ratings and digital image analysis cover data had a strong 
negative correlation (r ≥ -0.7) over all tested turfgrasses.  In general, AOPP herbicides 
plus triclopyr will control bermudagrass greater and injure zoysiagrass less compared to 





When managing zoysiagrass (Zoysia spp.) fairways, bermudagrass (Cynodon 
dactylon [L.] Pers) is difficult to control due to its aggressive stoloniferous and 
rhizomatous growth habit (Beard 1973).  Under similar climatic and edaphic growing 
conditions, bermudagrass is more aggressive than zoysiagrass and can quickly invade 
thin or weak turfgrass areas (Johnson 1992).  
 Since both are warm-season turfgrasses, bermudagrass and zoysiagrass react 
similarly to herbicide treatments; thus, non-selective treatments of glyphosate are chosen 
by turfgrass managers looking for control options. Research indicates that three 
sequential applications of glyphosate (1.6 kg/ha) are needed to effectively control 
bermudagrass (Johnson 1988). Single applications of glyphosate will not control 
bermudagrass due to the species ability to reestablish from extensive rhizomatous 
networks and outcompete the slower recovering zoysiagrass (Boyd 2000; Johnson 1988). 
Others have shown that the number of glyphosate applications can be reduced with the 
addition of aryloxyphenoxypropionate (AOPP) herbicides (Boyd 2000; Ferrell et al 2005; 
Teuton et al. 2005). However, glyphosate or glyphosate plus AOPP control programs are 
considered impractical in a golf course turf because these materials result in the death of 
the weed and desired turfgrass species, creating an esthetically unpleasing area that are 
often deemed unplayable.  
AOPP herbicides have been used in various turfgrass settings for the selective 
control of bermudagrass (Beam et al. 2005; Cudney et al. 1997; Dernoeden 1989; 
Dernoeden 1989a; Johnson 1987; Johnson 1992; Johnson and Carrow 1993; Johnson and 
Carrow 1995; McElroy and Breeden 2006; Waltz et al. 2002); however, reports 
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acknowledge that injury occurs when these herbicides are applied to various zoysiagrass 
species (Dernoeden 1989; Johnson 1987; Johnson 1992; McElroy and Breeden 2006).  
Dernoeden (1989) found that four applications of fenoxaprop (0.13, 0.20., or 0.28 kg /ha) 
from May to August suppressed bermudagrass growth from 97-99% but single 
applications (0.39 or 0.56 kg ha) caused cholorosis to „Emerald‟ (Zoysia japonica X Z. 
tenuifolia Willd. Ex Trin.), „Meyer‟ (Z. japonica Steud.), and „Korean‟(Z. japonica 
Steud.) zoysiagrass.  Johnson (1992) reported initial injury and reduced turfgrass quality 
when four applications of fenoxaprop (0.2 or 0.3 kg/ha), two applications of fluazifop 
(0.2 kg/ha followed by 0.14 kg/ha), or more than three application of fluazifop (0.1 
kg/ha) were applied to a mixed common bermudagrass/„Emerald‟ zoysiagrass stand.  
McElroy and Breeden (2006) noted significant injury to mature stands „Cavalier‟ [Z. 
matrella (L.) Merr.] and „Meyer‟ zoysiagrass after three applications of fenoxaprop (0.13 
kg/ha) and fluazifop (0.10 kg/ha).  A true selective herbicide treatment would control the 
undesired species without causing objectionable injury to the desired turfgrass (Johnson 
and Duncan 2001); therefore, AOPP herbicides cannot be considered a selective control 
agent for bermudagrass contamination in zoysiagrass turf  
The synthetic auxin herbicide triclopyr controls both common and hybrid 
bermudagrass (Cudney et al. 1997; Bell et al. 2004; McElroy and Breeden 2006).  
Cudney et al. (1997) found that four applications of triclopyr plus fenoxaprop (0.56 plus 
0.21 kg/ha or 1.12 plus 0.24 kg/ha) reduced common bermudagrass cover.  Bell et al. 
(2004) reported that triclopyr applied at 2x and 4x the labeled rate (1.9 and 3.8 kg/ha) 
resulted in significant injury to common and hybrid [[„Midlawn‟ [(C. dactylon (L.) Pers. 
x C. transvaalensis Burtt-Davy]] bermudagrass.  Furthermore, McElroy and Breeden 
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(2006) reported that applying tank-mixtures fluazifop (0.11 kg/ha) or fenoxaprop (0.14 
kg/ha) with triclopyr (1.12 kg/ ha) reduced injury to „Cavalier‟ and „Meyer‟ zoysiagrass.   
Since the AOPP herbicides fenoxaprop and fluazifop and the synthetic auxin 
herbicide triclopyr have activity on bermudagrass, research was conducted to determine 
the efficacy of other AOPP herbicides applied alone or tank-mixed with triclopyr for 
bermudagrass control in zoysiagrass turf.  The objective of this study was to determine 
effectiveness of bermudagrass control and tolerance of several zoysiagrass varieties to 
sequential applications of AOPP herbicides applied alone or combined with triclopyr. 
Materials and Methods 
 Experiments were conducted at four locations to determine the efficacy and 
safening of the AOPP herbicides cyhalofop, fenoxaprop, fluazifop, and quizalofop 
applied alone or tank-mixed with triclopyr for bermudagrass control in zoysiagrass turf.  
The objective was to evaluate control of „Tifway‟ bermudagrass [C. dactylon (L.) Pers. X 
C. transvaalensis Burtt-Davy] and tolerance of „Compadre‟ (Z. japonica Steud.), 
„Diamond‟ [Z. matrella (L.) Merr.], „Meyer‟ (Z. japonica Steud.), „Palisades‟ (Z. 
japonica Steud.), and „Zeon‟ [Z. matrella (L.) Merr.] zoysiagrass to three sequential 
applications of the four AOPP herbicides and triclopyr.  The experiments were conducted 
at the following locations:  Little Course in Franklin, TN to „Palisades‟ zoysiagrass in 
2007; University of Tennessee East Tennessee Research and Education Center - Plant 
Sciences Unit (ETREC-PSU) in Knoxville, TN, to „Tifway‟ bermudagrass and 
„Compadre‟ zoysiagrass in 2007 and 2008; Honors Course in Ooltewah, TN to „Meyer‟ 
zoysiagrass in 2008; Atlanta Athletic Club in Duluth, GA to „Diamond‟ zoysiagrass in 
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2008; and New Life Turf in Norway, SC to „Diamond‟ and Palisades‟ zoysiagrass in 
2008 (Table 2A). 
 All locations were managed as a golf course fairway, with respect to mowing 
height (1cm), irrigation, and fertility.  Experiments at the Atlanta Athletic Club were 
conducted on a USGA sand based soil (0.6% organic matter) and the turf received 86 kg 
N/ha per growing season.  At the Little Course, the soil type was Maury silt loam [Fine, 
mixed, semiactive, mesic Typic Paleudalfts] (pH 6.3 and 0.9% organic matter) and the 
turf received 76-101 kg N/ha per growing season. At the Honors Course, the soil type 
was Colbert silt loam [Very-fine, montmorillonitic, thermic Vertic Hapludalf] (pH 6.4 
and 0.5-1.5% organic matter) and the turf received 61 kg N/ha per growing season.  At 
New Life Turf, the soil type for both fields was Dothan loamy sand [Fine-loamy, 
kaolinitic, thermic Plinthic Kandiudults] (pH 5.7-6.9 and 0.3-1.7% organic matter). 
„Palisades‟ at this location received 33 kg N/ha per growing season and the „Diamond‟ at 
this location received 116 kg N/ha per growing season.  At the ETREC-PSU, the soil type 
for both species was Sequatchie loam soil [Fine-loamy, siliceous, semiactive, thermic 
Humic Hapludult] (pH 6.2 and 2.1% organic matter). „Tifway‟ bermudagrass received 
302 kg N/ha per growing season and „Zenith‟ zoysiagrass received 151 kg N/ha per 
growing season.  
For all locations, the experimental design was a randomized complete block of 
four replicates with experimental units measuring 2.3 m
2
.  Herbicides treatments with 
appropriate surfactants (Table 2B) were applied in a water carrier volume of 280 L/ha, 
with a total of three sequential applications made on 4 week intervals.  Applications were 
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made with a CO2-pressurized sprayer boom employed with four 11002 XR flat fan 
nozzles
3 
on 24 cm spacings at 276 kPa. 
In order to determine season-long control and tolerance, bermudagrass and 
zoysiagrass were visually and digitally evaluated on a biweekly basis.  Visual evaluations 
were taken beginning two weeks after initial application (WAIA) and continued through 
10 WAIA.  Bermudagrass control and zoysiagrass tolerance were visually evaluated for 
phytotoxic injury relative to the non-treated on a 0 to 100% scale (0% = no population 
reduction; 100% = complete turfgrass death).  Digital image analysis (DIA) was 
conducted to determine percent turfgrass cover using SigmaScan Pro
©
 software according 
to published methods (Karcher and Richardson 2003).  Images were captured beginning 6 
WAIA through 10 WAIA utilizing a digital camera
 
mounted to a 0.28 m
2
 light box 
equipped with four 40-watt bulbs.  DIA provides quantitative measures of percent 
turfgrass cover through the examination of individual pixels.  Measurements are given in 
hue, saturation, and brightness values that, when combined, correlate to the red, green, 
and blue colors perceived by the human eye. 
 Analysis of variance was conducted using MIXED models (SAS 2004) and 
analyzed as a randomized complete block with factorial arrangement (five AOPP 
herbicide by two triclopyr rates) with zoysiagrass varieties considered fixed effects in the 
model.  AOPP herbicide by triclopyr rate by zoysiagrass variety was evaluated to 
determine if there was an interaction.  Fisher‟s protected LSD (P≤0.05) test was used to 
separate means.  Pearson correlation (P≤0.05) was conducted to determine if visual 
evaluations and DIA were related. 
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Results and Discussion 
Due to an AOPP herbicide by triclopyr rate by zoysiagrass variety interaction, 
data was arranged into two separated zoysiagrass groups; Zoysia consortium (pooled over 
„Meyer‟, „Palisades‟, „Zenith‟, and „Zeon‟ zoysiagrass varieties), and „Diamond‟ 
zoysiagrass. The three-way interactivity induced by zoysiagrass variety was highly 
significant (P < 0.0001) with „Diamond‟ zoysiagrass in the analysis; however, the 
interactivity was non-significant (P > 0.01) when „Diamond‟ zoysiagrass was removed 
from the model; thus, it was concluded that „Diamond‟ responded to herbicide treatments 
differently than the Zoysia consortium. „Tifway‟ bermudagrass data was analyzed and 
presented separately due to the obvious differences in zoysiagrass and bermudagrass 
response to treatments.   
Tifway Bermudagrass Control 
 
In the „Tifway‟ bermudagrass analysis, the AOPP herbicide by triclopyr rate 
interaction was found highly significant; therefore, the interaction is reported rather than 
the main effects.  Cyhalofop, fenoxaprop, and fluazifop controlled bermudagrass 30, 41, 
and 47%, respectively 2 WAI (two weeks after the first application) (Table 2B); 
consequently, cyhalofop, fenoxaprop, and fluazifop controlled bermudagrass 51, 58, and 
61%, respectively, with the addition of triclopyr;  quizalofop and quizalofop plus 
triclopyr controlled bermudagrass the greatest at 58 and 56%; triclopyr alone controlled 
bermudagrass 48%.  Cyhalofop, cyhalofop plus triclopyr, fenoxaprop, fluazifop, and 
quizalofop controlled bermudagrass 41, 64, 51, 63, and 69%, respectively, 2 WATA (two 
weeks after the third and final sequential application); fenoxaprop plus triclopyr, 
fluazifop plus triclopyr, and quizalofop plus triclopyr controlled bermudagrass 76, 78, 
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and 76%, respectively; triclopyr alone controlled bermudagrass 49%.  Johnson and 
Carrow (1995) found five sequential applications of fenoxaprop (0.2 kg/ha) plus 
ethofumesate (1.7 kg/ha) suppressed common bermudagrass but was ineffective when 
applied to „Tifway‟ bermudagrass.   These data indicate that tank-mixtures of fenoxaprop, 
fluazifop, and quizalofop plus triclopyr are more effective than AOPP herbicides applied 
alone for the control of hybrid „Tifway‟ bermudagrass.   DIA for percent turfgrass cover 
coincided with visual ratings, showing that AOPP herbicides tank-mixed with triclopyr 
significantly reduced turfgrass cover compared to those applied alone, except for 
quizalofop and quizalofop plus triclopyr (Table 2B). Cudney et al. (1997) found similar 
cover reduction to common bermudagrass following four sequential applications of 
fenoxaprop (0.21 and 0.42 kg/ha) applied alone or tank-mixed with triclopyr (0.56 and 
1.12 kg/ha).  
Zoysia Consortium Tolerance 
 
In the Zoysia consortium analysis, the AOPP herbicide by triclopyr rate by 
zoysiagrass variety was marginally significant at the P=0.05 with P=0.023.  Thus, due to 
non-significance at the P=0.01, a low f-value associated with this interaction (F=2.04), 
and observations in the field, we feel justified in pooling over these varieties and the 
AOPP herbicide by triclopyr rate interaction will be reported.  Injury was less for all 
AOPP herbicides when tank-mixed with triclopyr compared to those applied alone (Table 
2C).  Zoysia consortium was not tolerant to fenoxaprop, fluazifop, and quizalofop applied 
alone, which injured 15, 15, and 28%, respectively, 2 WAIA; however, injury was 
reduced to 5, 2, and 12%, respectively, when tank-mixed with triclopyr; cyhalofop and 
cyhalofop plus triclopyr minimally injured Zoysia consortium 6 and 2% and triclopyr 
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alone injured 2%.  Cyhalofop, fenoxaprop, fluazifop, quizalofop, and quizalofop plus 
triclopyr resulted in unacceptable Zoysia consortium injury, 17, 30, 28, 58, and 22%, 
respectively, 2 WATA; however, the addition of triclopyr to cyhalofop, fenoxaprop, and 
fluazifop reduced injury (≤ 5%). These results are similar to those observed by McElroy 
and Breeden (2006).  DIA for percent turfgrass cover further demonstrated the safening 
effect of triclopyr by revealing greater turfgrass cover following treatments of AOPP 
herbicides tank-mixed with triclopyr compared to those applied alone, with the exception 
of cyhalofop and cyhalofop plus triclopyr (Table 2C).  
Diamond Zoysiagrass Tolerance 
 
In the „Diamond‟ zoysiagrass analysis, the AOPP herbicide by triclopyr rate 
interaction was found to be significant; therefore, the interaction will be reported.  Unlike 
the „Tifway‟ and Zoysia consortium analysis, the triclopyr rate main effect was not 
significant.  „Diamond‟ zoysiagrass was not tolerant to fenoxaprop, fluazifop, and 
quizalofop applied alone or tank-mixed with triclopyr, which injured 17-38%, 
respectively, 2 WAIA (Table 2D); triclopyr applied alone injured „Diamond‟ zoysiagrass 
22%; the only treatments tolerated by „Diamond‟ zoysiagrass were cyhalofop and 
cyhalofop plus triclopyr (≤ 13% injury).  2 WATA, all treatments resulted in 
objectionable injury (18-47%) to „Diamond‟ zoysiagrass.  Hassan et al. (2002) reported 
variations among cultivars of Italian ryegrass (Lolium multiflorum Lam.) to applications 
of fenoxaprop.  These results are similar to the different reactions observed between the 
Zoysia consortium and „Diamond‟ zoysiagrass to different AOPP herbicides and 
triclopyr. Variations in physiological and morphological characteristics of „Diamond‟ 
zoysiagrass compared to the other tested zoysiagrass varieties could explain the 
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differences in herbicide tolerance. „Diamond‟ zoysiagrass is classified as a Z. matrella 
due to the similar morphological characteristics, including finer leaf texture, strong 
rhizomatous growth habit, improved salt and shade tolerance, and tolerance of low 
mowing heights compared to other varieties (Engelke et al. 2002); however, DNA 





Goudsw., and Z. japonica Steud. (Anderson 2000).  Furthermore, 
our data are similar to those of Johnson and Carrow (1999) that found different tolerances 
to preemergence herbicides when applied to several Zoysia spp cultivars.  DIA for 
percent turfgrass cover revealed that turfgrass cover reduced when cyhalofop, 
fenoxaprop, and fluazifop were combined with triclopyr compared to those applied alone; 
however, turfgrass cover increased when quizalofop was combined with triclopyr 
compared to it applied alone (Table 2D).  
Pearsons correlation coefficients 
 
Pearsons correlation coefficients were analyzed between visual injury evaluations, 
DIA cover analysis, and triclopyr on „Tifway‟ bermudagrass, Zoysia consortium, and 
„Diamond‟ zoysiagrass to determine relationships.  Visual injury and DIA cover analysis 
showed a strong relationship in all tested turfgrass; however, relationships between 
triclopyr to visual injury and DIA cover differed; „Tifway‟ bermudagrass showed a strong 
negative relationship (r= -0.85) between visual injury and DIA cover, indicating visual 
injury increased as percent DIA cover decreased (Table 2E); triclopyr had a moderate 
direct relationship (r= 0.5) with visual injury; similarly, triclopyr had a moderate inverse 
relationship (r= -0.5) with DIA cover, indicating that triclopyr increased injury and cover 
reduction on „Tifway‟ bermudagrass. (Table 2E).  Zoysia consortium showed a strong 
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negative relationship (r= -0.7) between visual injury and DIA, indicating visual injury 
increased as percent DIA cover decreased; opposite of the „Tifway‟ bermudagrass data, 
triclopyr had a moderate inverse relationship (r= -0.5) with visual injury; similarly, 
triclopyr had a moderate direct relationship (r= 0.3) with DIA cover, indicating that 
triclopyr decreased injury and cover reduction on Zoysia consortium.  „Diamond‟ 
zoysiagrass showed a strong negative relationship (r= -0.7) between visual injury and 
DIA cover, indicating visual injury increased as percent DIA cover decreased (Table 2E); 
however, unlike „Tifway‟ bermudagrass and the Zoysia consortium, triclopyr had no 
significant relationship to visual injury ratings or DIA cover ratings.  These correlation 
results between visual and DIA ratings are similar to those observed by Yelverton et al. 
(2009) that indicated no statistical differences between visual rating, line intersect 
analysis, and DIA in determining  crabgrass (Digitaria spp.) control in tall fescue 
(Festuca arundinacea Schreb.), determining that visual evaluations still have utility in the 
scientific community. 
Bermudagrass contamination in a zoysiagrass fairway is undesirable from a 
management and playability standpoint due to inconsistencies in plant growth rates, leaf 
texture/color, and rigidity (Johnson 1987; Turgeon 1980).  While non-selective 
bermudagrass control options are applicable on sod farms, they are not practical on golf 
courses due to objectionable injury; however, bermudagrass can be selectively removed 
from several Zoysia spp. cultivars using AOPP herbicides tank-mixed with triclopyr.  
Past research has demonstrated unsuccessful control of hybrid bermudagrass and 
unacceptable injury to Zoysia spp. when AOPP herbicides were applied alone 
(Dernoeden 1989; Johnson 1987; Johnson 1992; Johnson and Carrow 1995; McElroy and 
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Breeden 2006); however, our results indicate the addition of triclopyr to cyhalofop, 
fluazifop, fenoxaprop, or quizalofop herbicides improved control of hybrid bermudagrass 
and reduced injury to Meyer‟, „Palisades‟, „Zenith‟, and „Zeon‟ zoysiagrass; however, 
these applications are not recommended for „Diamond‟ zoysiagrass.  These variations 
among Zoysia spp. cultivars to AOPP herbicides and triclopyr are similar to those 
observed by Hassan et al. (2002) and Johnson and Carrow (1999), who discovered 
differences in herbicide tolerance among ryegrass and zoysiagrass cultivars.  Therefore, 
turfgrass managers should take precaution by applying AOPP herbicides tank-mixed with 
triclopyr to a test area before broadcast applications are made to large areas of turf.  Even 
though acceptable bermudagrass control was achieved in 1-yr, we recommended that 
these applications be made across multiple years, as bermudagrass will continue to 
regenerate from deep rhizomes (Cudney et al. 1997; Ferrell et al. 2005; Johnson 1992; 
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Table 2 A.  Research trial locations with respective plant material, species, initiation date, soil type, and fertility regime
a
. 
Location City/State Plant Material Species Initiation Date Soil Type
a
 Fertility 





Atlanta Athletic Club Duluth, GA Diamond Zoysiagrass Z. matrella Jun-09 USGA Sand Base 86 
  
Zeon Zoysiagrass Z. matrella Jul-09 USGA Sand Base 86 
ETREC-PSU
b
 Knoxville, TN Tifway Bermudagrass C. dactylon x transv. May-08 Sequatchie loam  302 




   
Compadre Zoysiagrass Z. japonica May-08 Sequatchie loam  151 




Honors Course Ooltewah, TN Meyer Zoysiagrass Z. japonica Jun-09 Colbert silt loam 61 
Little Course Franklin, TN Palisades Zoysiagrass Z. japonica May-08  Maury silt loam  86 
New Life Turf Norway, SC Diamond Zoysiagrass Z. matrella Jun-09 Dothan loamy sand  116 
    Palisades Zoysiagrass Z. japonica Jul-09 Dothan loamy sand  33 
a
 Abbreviations:  ETREC-PSU, East Tennessee Research and Education Center- Plant Science Unit; USGA, United States Golf 
Association   
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Table 2 B.  Tifway bermudagrass injury and cover affected by AOPP herbicides and triclopyr
a
. 
























 0.32 0 30 41 50 
Cyhalofop
d
 + Triclopyr 0.32 1.12 51 64 29 
Fenoxaprop
e
 0.14 0 41 51 35 
Fenoxaprop
e 
+ Triclopyr 0.14 1.12 58 76 8 
Fluazifop
e
 0.11 0 47 63 26 
Fluazifop
e
 + Triclopyr 0.11 1.12 61 78 15 
Quizalofop
e
 0.09 0 58 69 18 
Quizalofop
e
 + Triclopyr 0.09 1.12 56 76 11 
Triclopyr
e
 0 1.12 48 49 35 
Non-treated 0 0 0 0 92 
LSD (P <0.0001)     6 7 10 
a
 Abbreviations:  AOPP, Aryloxyphenoxypropionate; WAIA, Weeks After Initial Application; WAFA, Weeks After Third and Final 
Application. 
b




 Percent cover measured digitally using SigmaScan
©
 software. on a 0-100% scale, based on a 0 = no green turfgrass cover and 100 = 
full green turfgrass cover 
d
 A crop oil concentrate surfactant was include at 2.5% V/V ratio 
e
 A nonionic surfactant was include at 0.25% V/V ratio  
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Table 2 C.  Zoysia consortium
a
 injury and cover affected by AOPP herbicides and triclopyr
b
. 















 kg a.i./ha kg a.e./ha 2 WAIA 2 WAFA 2 WAFA 
Cyhalofop
e
 0.32 0 6 17 92 
Cyhalofop
e
 + Triclopyr 0.32 1.12 2 1 88 
Fenoxaprop
f
 0.14 0 15 30 83 
Fenoxaprop
f 
+ Triclopyr 0.14 1.12 5 7 88 
Fluazifop
f
 0.11 0 15 28 80 
Fluazifop
f
 + Triclopyr 0.11 1.12 2 1 89 
Quizalofop
f
 0.09 0 28 58 39 
Quizalofop
f
 + Triclopyr 0.09 1.12 12 22 87 
Triclopyr
f
 0 1.12 2 0 90 
Non-treated 0 0 1 0 93 
LSD (P <0.0001)     3 3 4.5 
a
 Pooled analysis of  Meyer, Palisades, Zenith, and Zeon zoysiagrass 
b
 Abbreviations:  AOPP, Aryloxyphenoxypropionate; WAIA, Weeks After Initial Application; WAFA, Weeks After Third and Final 
Application. 
c




 Percent cover measured digitally using SigmaScan
©
 software. on a 0-100% scale, based on a 0 = no green turfgrass cover and 100 = 
full green turfgrass cover 
e
 A crop oil concentrate surfactant was include at 2.5% V/V ratio 
f
 A nonionic surfactant was include at 0.25% V/V ratio  
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Table 2 D.  Diamond zoysiagrass injury and cover affected by AOPP herbicides and triclopyr
a
. 















 kg a.i./ha kg a.e./ha 2 WAIA 2 WAFA 2 WAFA 
Cyhalofop
d
 0.32 0 12 21 97 
Cyhalofop
d
 + Triclopyr 0.32 1.12 13 20 86 
Fenoxaprop
e
 0.14 0 19 23 95 
Fenoxaprop
e 
+ Triclopyr 0.14 1.12 18 27 88 
Fluazifop
e
 0.11 0 19 18 93 
Fluazifop
e
 + Triclopyr 0.11 1.12 17 23 88 
Quizalofop
e
 0.09 0 38 47 68 
Quizalofop
e
 + Triclopyr 0.09 1.12 21 31 87 
Triclopyr
e
 0 1.12 22 26 86 
Non-treated 0 0 0 0 97 
LSD (P <0.0001)   4 5 6 
a
 Abbreviations:  AOPP, Aryloxyphenoxypropionate; WAIA, Weeks After Initial Application; WAFA, Weeks After Third and Final 
Application. 
b




 Percent cover measured digitally using SigmaScan
©
 software. on a 0-100% scale, based on a 0 = no green turfgrass cover and 100 = 
full green turfgrass cover 
d
 A crop oil concentrate surfactant was include at 2.5% V/V ratio 
e
 A nonionic surfactant was include at 0.25% V/V ratio 
 
 41 
Table 2 E.  Pearsons correlation coefficients between visual injury
a
 evaluations, digital image analysis cover
b
, and 
triclopyr on Tifway Bermudagrass, Zoysia consortium
c
















  Injury DIA  Cover Triclopyr Injury DIA  Cover Triclopyr Injury DIA  Cover Triclopyr 
Injury 1.0 -0.85 0.5 1.0 -0.7 -0.5 1.0 -0.7 0.1 
n 80 79 80 240 239 240 79 77 79 
Pr>f - < 0.001 < 0.001 - < 0.001 < 0.001 - < 0.001 0.2 
DIA Cover -0.85 1.0 -0.5 -0.7 1.0 0.3 -0.7 1.0 -0.2 
n 79 79 79 239 239 239 77 77 77 
Pr>f < 0.001  - < 0.001 < 0.001  - < 0.001 < 0.001  - 0.1 
a
 Injury based on visual assessments made by researcher.
  
b
 Digital image analysis of cover measure digitally using SigmaScan© Software. 
c
 Pooled analysis of Compadre, Meyer, Palisades, and Zeon zoysiagrass. 
d
 Abbreviations: DIA, Digital Image Analysis; n, number of observations.  
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III.  RESPONSE OF BERMUDAGRASS AND ZOYSIAGRASS TO TWO 
APPLICATION INTERVALS AND FOUR RATES OF FLUAZIFOP 





 Fluazifop is an aryloxyphenoxypropionate (AOPP) herbicide used for controlling 
bermudagrass (Cynodon dactylon [L.] Pers.) in various turfgrass species; however, fluazifop can 
be injurious to zoysiagrass (Zoysia spp.) turf.   Research has shown that zoysiagrass injury is 
reduced when fluazifop is tank-mixed with triclopyr, a synthetic auxin herbicide.  Experiments 
were conducted to determine the best application interval and rate of fluazifop applied alone or 
tank-mixed with triclopyr for bermudagrass control in zoysiagrass turf.  Treatments include 
fluazifop (0.11, 0.16, 0.21, and 0.26 kg ai/ha) applied alone and tank-mixed with triclopyr (1.12 
kg ae/ha) were applied to „Tifway‟ bermudagrass [C. dactylon (L.) Pers. X C. transvaalensis 
Burtt-Davy], „Compadre‟ (Zoysia japonica Steud.), „Diamond‟ [Z. matrella (L.) Merr.], 
„Palisades‟ (Z. japonica Steud.), and „Zeon‟ [Z. matrella (L.) Merr.]  zoysiagrass fairways.  
Treatments were made at either two or four week application intervals, with a total of four 
applications per treatment.  Tank-mixtures of fluazifop and triclopyr applied at four-week 
application intervals improved „Tifway‟ bermudagrass control compared to fluazifop-applied 
alone at four week application intervals.   „Compadre‟, „Meyer‟, „Palisades‟, and „Zeon‟ 
zoysiagrass were injured less when all fluazifop rates were tank-mixed with triclopyr at both two 
and four-week application intervals; however, four-week application intervals are recommended 
to further reduce zoysiagrass injury.  Unlike other tested zoysiagrass varieties, „Diamond‟ 
zoysiagrass was unacceptably injured by fluazifop alone and tank-mixed with triclopyr. Visual 
injury ratings and digital image analysis cover ratings had a weak to moderate negative 
correlation (r ≥ -0.3) over all tested turfgrasses. Application of fluazifop tank-mixed with 
triclopyr successfully controls bermudagrass without adversely injuring several zoysiagrass 




Eradicating bermudagrass (Cynodon dactylon [L.] Pers.) from a zoysiagrass (Zoysia spp.) 
fairway is an arduous undertaking.  Bermudagrass is considered a desired turfgrass species in 
golf courses, sports fields, sod farms, and home lawns (Beard 1973); however, it is a problematic 
weed when grown in an unwanted setting (Teuton et al. 2005).  Mixed stands of bermudagrass 
and zoysiagrass are undesirable from a management and playability standpoint due to 
inconsistencies in turfgrass growth rates, leaf texture/color, and rigidity (Johnson 1987; Turgeon 
1980).  When grown in similar conditions, bermudagrass is more aggressive and will out-
compete zoysiagrass for space and growth factors (Johnson 1992). Bermudagrass is difficult to 
control because it quickly establishes in bare or weak turfgrass areas through its competitive 
growth habit that employs both stoloniferous and rhizomatous growth habits (Beard 1973).   
This problem is compounded because of a lack of selective herbicides available for 
bermudagrass control (Teuton et al. 2005).  Since bermudagrass and zoysiagrass are warm-
season turfgrasses, they react similarly to herbicide treatments; therefore many turfgrass 
managers choose non-selective treatments of glyphosate for possible control. Research has 
shown that three sequential applications of glyphosate (1.6 kg/ha) are needed to effectively 
control bermudagrass (Johnson 1988). Single applications of glyphosate will not control 
bermudagrass due to its ability to recover by way of an extensive rhizomatous network and 
overwhelm the slower growing zoysiagrass (Boyd 2000; Johnson 1988). Others have shown that 
the number of glyphosate applications can be reduced with the addition of 
aryloxyphenoxypropionate (AOPP) herbicides (Boyd 2000; Ferrell et al 2005; Teuton et al. 
2005). However, glyphosate or glyphosate plus AOPP control programs are considered 
impractical on golf course turfs because the these materials result in the death of the weed and 
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desired turfgrass species, creating aesthetically unpleasing areas that are often deemed 
unplayable. 
Fluazifop is an AOPP herbicide registered for selective control of annual and perennial 
grassy weeds, including common and hybrid bermudagrasses (Anonymous 2008).  Fluazifop 
inhibits the production of the acetyl-coenzyme A- carboxylase (ACCase) (E.C. 6.4.1.2) enzyme 
in monocotyledons but is safe to apply to dicotyledons, which is accredited to an insensitive 
target site (Burton et al. 1987).  Fluazifop has been used for selective bermudagrass control in 
various turfgrass species, including creeping bentgrass (Agrostis stolonifera L.), Kentucky 
bluegrass (Poa pratensis L.), tall fescue (Festuca arundinacea Screb.), and zoysiagrass (Zoysia 
spp.) (Beam et al. 2005; Cudney et al. 1997; Dernoeden 1989; Dernoeden 1989a; Johnson 1992; 
Johnson and Carrow 1993; McElroy and Breeden 2006).  However, phytotoxic injury has been 
reported when fluazifop is applied to zoysiagrass (Johnson 1992; McElroy and Breeden 2006).   
Johnson (1992) reported initial injury and reduced turfgrass quality when two applications of 
fluazifop (0.2 kg/ha followed by 0.14 kg/ha), or more than three application of fluazifop (0.10 
kg/ha) were applied to a mixed common bermudagrass/„Emerald‟ zoysiagrass stand.  McElroy 
and Breeden (2006) reported significant injury to mature stands of „Cavalier‟ [Z. matrella (L.) 
Merr.] and „Meyer‟(Z. japonica Steud.) zoysiagrass after three applications of fluazifop (0.10 
kg/ha).  A truly selective herbicide treatment will control the undesired species without causing 
objectionable injury to the desired turfgrass (Johnson and Duncan 2001); therefore, fluazifop 
cannot be considered a selective control agent for bermudagrass contamination in zoysiagrass 
turf.   
Triclopyr, a synthetic auxin herbicide belonging to the pyridine chemical family, is 
labeled for the control of broadleaf weeds in agronomic and turfgrass settings (Anonymous 
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2004); however, research has shown that triclopyr also has activity on both common and hybrid 
bermudagrass (Cudney et al. 1997; Bell et al. 2004; McElroy and Breeden 2006).  Cudney et al. 
(1997) found that four sequential applications of triclopyr (0.56 kg ae/ha or 1.12 kg/ha) reduced 
common bermudagrass cover to 66 and 24%, respectively.  Bell et al. (2004) reported that 
triclopyr applied at 2x and 4x labeled rate (1.9 and 3.8 kg/ha) resulted in significant injury to 
common and hybrid „Midlawn‟ [C. dactylon (L.) Pers. X C. transvaalensis Burtt-Davy] 
bermudagrass.  Furthermore, McElroy and Breeden (2006) reported that applying fluazifop (0.11 
kg/ha) tank-mixed with triclopyr (1.12 kg/ha) reduced injury to „Cavalier‟ and „Meyer‟ 
zoysiagrass.   
Since fluazifop and triclopyr are herbicidially activity on bermudagrass, research was 
conducted to determine the response of bermudagrass and Zoysia spp. to combinations of 
fluazifop and triclopyr at different application intervals.  The objective of this study was to 
determine the optimal application timing and rate of fluazifop applied alone or tank-mixed with 
triclopyr for bermudagrass in various varieties of zoysiagrass. 
Materials and Methods 
 Experiments were conducted at four locations to ascertain the response of bermudagrass 
and Zoysia spp. to various timings and rates of fluazifop applied alone or tank-mixed with 
triclopyr (Table 3A).  The objective was to evaluate control of „Tifway‟ bermudagrass [C. 
dactylon (L.) Pers. X C. transvaalensis Burtt-Davy] and tolerance of „Compadre‟ (Z. japonica 
Steud.), „Diamond‟ [Z. matrella (L.) Merr.], „Meyer‟ (Z. japonica Steud.), „Palisades‟ (Z. 
japonica Steud.), and „Zeon„ [Z. matrella (L.) Merr.] zoysiagrass to four sequential applications 
of fluazifop (0.11, 0.16, 0.21, and 0.26 kg/ha) and triclopyr (1.12 kg/ha) at two- or four-week 
application intervals.  All locations were managed as a golf course fairway, with mowing at 
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approximately 1cm height with reel mowers and irrigated to supplement to natural rainfall to 
prevent wilt; however, differences in fertility are presented in Table 3A. 
For all locations, the experimental design was a randomized complete block with four 
replicates with experimental units measured 2.3 m
2
.  Herbicides treatments were applied with a 
non-ionic surfactant at a 0.25% V/V ratio in a water carrier volume of 280 L/ha.  Applications 
were made with a CO2-pressurized sprayer boom equipped with four 11002 XR flat fan nozzles
3 
on 24 cm spacings at 276 kPa.  
In order to determine season-long control and tolerance, bermudagrass and zoysiagrass 
were visually evaluated on a biweekly basis by the researcher.  Visual evaluations were taken 
beginning two weeks after initial application (WAIA) and continued until two weeks after the 
fourth and final application (WAFA).  Bermudagrass control and zoysiagrass tolerance were 
visually evaluated for phytotoxic injury relative to the non-treated on a 0 to 100% scale (0% = no 
population reduction; 100% = complete turfgrass death) with ≥ 90% injury considered acceptable 
bermudagrass control and ≤ 20% injury considered acceptable zoysiagrass tolerance. In addition 
to visual evaluations, digital image analysis (DIA) was conducted to determine percent 
zoysiagrass cover using SigmaScan Pro
©
 software according to published methods (Karcher and 
Richardson 2003).  Images were captured from 6 WAI until 14 WAI utilizing a digital camera
 
mounted to a 0.28 m
2
 light box equipped with four 40-watt bulbs.  DIA provides quantitative 
measures of percent turfgrass cover and color data through the examination of individual pixels.  
Measurements are given in hue, saturation, and brightness values that, when combined, correlate 
to the red, green, and blue colors perceived by the human eye. 
Analysis of variance was conducted using MIXED models (SAS 2004) and analyzed as a 
randomized complete block with factorial arrangement (four fluazifop rates by two triclopyr 
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rates by two application intervals) with zoysiagrass varieties considered fixed effects in the 
model.  Fluazifop rate by triclopyr rate by application interval by zoysiagrass variety was 
evaluated to determine if there was an interaction.  Means were subject to a regression analysis 
(Stinson and Dodge 2003) to determine how fluazifop rates by triclopyr rates interactions 
affected visual injury or DIA cover.  Fisher‟s protected LSD (P≤ 0.05) test was used to separate 
means.  Pearson correlation (P< 0.01) was conducted to determine if visual evaluations and DIA 
cover of zoysiagrass were related. 
Results and Discussion 
Due to a significant (P < 0.05) zoysiagrass variety main effect, data was arranged into 
two separated zoysiagrass groups denoted as: Zoysia consortium (pooled over „Compadre‟, 
„Meyer‟, „Palisades‟, and „Zeon‟ zoysiagrass varieties), and „Diamond‟ zoysiagrass. The 
zoysiagrass variety was main effect was non-significant (P > 0.05) when „Diamond‟ zoysiagrass 
was removed from the model; thus, it was concluded that „Diamond‟ responded to herbicide 
treatments differently than the Zoysia consortium. „Tifway‟ bermudagrass was analyzed and 
presented separately due to the obvious differences in zoysiagrass and bermudagrass response to 
treatments.   
‘Tifway’ Bermudagrass Control 
 
At 2 WAIA, the fluazifop rate main effect and triclopyr rate main effect were significant 
(P < 0.001).  In general, as fluazifop rates increased, bermudagrass control also increased.  
Fluazifop at 0.11, 0.16, 0.21, and 0.26 kg/ha controlled bermudagrass 65, 67, 67, and 69%, 
respectively (Table 3B).  Pooled across all fluazifop rates, bermudagrass control increased with 
the addition of triclopyr compared to fluazifop alone; fluazifop alone controlled bermudagrass 
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60%, while tank-mixtures of triclopyr controlled bermudagrass 73% (Table 3B).  However, no 
treatment combinations provided acceptable control (≥ 90%) after a single application.   
At 2 WAFA, the fluazifop rate by triclopyr rate by application interval interaction was 
significant (P < 0.001); therefore, the interaction is reported rather than the main effects.  
Fluazifop rates ≥ 0.21 kg/ha effectively control bermudagrass regardless of triclopyr tank-
mixture or application interval; however, fluazifop rates ≤ 0.16 kg/ha successfully controlled 
bermudagrass when tank-mixed with triclopyr at either application interval.   Fluazifop alone 
(0.21 and 0.26 kg/ha)  or tank-mixed with triclopyr at both application intervals controlled 
bermudagrass ≥ 91% (Table 3C).  Fluazifop (0.11 and 0.16 kg/ha) plus triclopyr at either 
application intervals controlled bermudagrass ≥ 91%;  Fluazifop alone at 0.16 kg/ha on two-
week  application intervals controlled bermudagrass 90%; however, this rate on four-week  
application intervals controlled bermudagrass  86%, which was considered unacceptable control 
(<90%) (Table 3C).  Fluazifop alone at 0.11 kg/ha at two and four-week application intervals 
unacceptably controlled bermudagrass 89 and 75%, respectively.  Results are similar to those of 
Johnson (1987) that reported three sequential application of fluazifop alone at 0.20 and 0.28 
kg/ha controlled „Tifway‟ bermudagrass 84 and 97%, respectively, after 1 year of application; 
however, the lowest rate of fluazifop alone at 0.13 kg/ha only controlled 71%.   
Zoysia Consortium Tolerance 
 
When examining fluazifop efficacy on a rate per rate basis, fluazifop plus triclopyr 
injured Zoysia consortium less than fluazifop alone and two-week application intervals injured 
Zoysia consortium more than four-week application intervals.  At 2 WAIA, a fluazifop rate by 
triclopyr rate interaction was significant (P < 0.01); thus, the interaction is reported rather than 
the main effects.  Fluazifop applied at 0.16, 0.21, and 0.26 kg/ha, which injured 23, 20, and 16%, 
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respectively (Table 3D); however, similar rates applied with triclopyr injured Zoysia consortium 
5, 6, and 7%, respectively.  Fluazifop alone at 0.11 kg/ha injured Zoysia consortium 12% but was 
reduced to 3% with the addition of triclopyr (Table 3D).   
At 2 WAFA, a fluazifop rate by triclopyr rate interaction, a fluazifop by application 
interval interaction, and a triclopyr by application interval were significant (P < 0.001); therefore, 
the interactions are reported rather than the main effects.  Fluazifop alone at 0.11 to 0.26 kg/ha 
injured Zoysia consortium 29 to 60%, all of these treatments were deemed unacceptable (> 20%) 
(Table 3D); fluazifop at 0.21 and 0.26 kg/ha plus triclopyr unacceptably injured Zoysia 
consortium 16 and 19%, respectively; however, fluazifop at 0.11 and 0.16 kg/ha plus triclopyr 
injured Zoysia consortium 8 and 12%, respectively, which was considered acceptable tolerance 
(Table 3D).  These results are congruent with those observed by McElroy and Breeden (2006) 
that reported three sequential applications of fluazifop alone at 0.11 kg/ha injured „Meyer‟ 
zoysiagrass 9 to 23% and „Cavalier‟ zoysiagrass 42%, respectively; however, fluazifop plus 
triclopyr caused no injury on either variety of zoysiagrass.   
Pooled across triclopyr rates, two-week application intervals of fluazifop at 0.11to 0.26 
kg/ha injured Zoysia consortium 21 to 47%, respectively (Table 3E); however, the same 
fluazifop rates at four-week application intervals injured Zoysia consortium 16 to 32%, 
respectively (Table 3E).  Pooled across fluazifop rates, two-week application intervals of 
fluazifop alone injured Zoysia consortium 48%; however, the same application interval plus 
triclopyr injured Zoysia consortium 21% (Table 3F).  Four-week application intervals of 
fluazifop injured Zoysia consortium 41%; however, the same application interval plus triclopyr 
injured Zoysia consortium 7% (Table 3F).  This can be attributed to the ability of Zoysia spp. to 
recover between applications on four-week intervals compared to the two-week intervals.   
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DIA for percent turfgrass cover further demonstrated the safening effect of triclopyr 
(Table 3G).  Zoysia consortium cover was greater in fluazifop tank-mixed with triclopyr plots 
compared to those receiving fluazifop alone.  Pearsons correlation coefficients between visual 
injury evaluations, DIA cover analysis, application interval, fluazifop, and triclopyr to determine 
relationships; results showed a moderate negative relationship (r= -0.5) between visual 
evaluations and DIA cover, indicating visual injury increased as percent DIA cover decreased 
(Table 3H); fluazifop had a moderate positive relationship (r= 0.4) with visual evaluations; 
conversely, fluazifop had a weak negative relationship (r= -0.3) with DIA cover; triclopyr has a 
strong negative relationship (r= -0.7) with visual evaluations; similarly, triclopyr had a moderate 
positive relationship (r= 0.4) with DIA cover.   
Diamond Zoysiagrass Tolerance 
 
Unlike other tested zoysiagrass varieties, „Diamond‟ zoysiagrass was unacceptably 
injured by fluazifop alone and tank-mixed with triclopyr after sequential application.  At 2 
WAIA, the fluazifop rate main effect and triclopyr rate main effect were significant (P < 0.001).  
As fluazifop rates increased, „Diamond‟ zoysiagrass injury also increased; fluazifop alone at 0.11 
to 0.26 kg/ha injured 6 to 9%, respectively (Table 3B).  Pooled across all fluazifop rates, 
Diamond zoysiagrass injury was less with fluazifop alone compared to fluazifop plus triclopyr; 
fluazifop alone injured Diamond zoysiagrass 6%; conversely, fluazifop plus triclopyr injured 
Diamond zoysiagrass 8% (Table 3B). 
At 2 WAFA, a fluazifop rate by triclopyr rate interaction and a triclopyr rate by 
application interval were significant (P < 0.001); therefore, the interactions are reported rather 
than the main effects.  Fluazifop at 0.11 to 0.26 kg/ha applied alone or tank-mixed with triclopyr 
unacceptably injured Diamond zoysiagrass 19 to 40%, respectively (Table 3D). Pooled across 
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fluazifop rates, two-week application intervals of fluazifop alone or tank-mixed with triclopyr 
injured Diamond zoysiagrass 38 and 37%, respectively (Table 3F); however, four-week 
application intervals of fluazifop alone injured Diamond zoysiagrass 22% compared to 34% for 
fluazifop plus triclopyr (Table 3F). Hassan et al. (2002) reported different responses of Italian 
ryegrass (Lolium multiflorum Lam.) cultivars to applications of a similar AOPP herbicide which 
are comparable to these observations between the Zoysia consortium and „Diamond‟ zoysiagrass.  
Diamond zoysiagrass is believed to be an intermediate between
 
Z. matrella, Z. pacifica
 
Goudsw., 
and Z. japonica Steud.; however, it is classified as a Z. matrella due to the similar morphological 
characteristics
 
(Anderson 2000).  Diamond is distinguished from other zoysiagrass varieties by 
its finer leaf texture, strong rhizomatous growth habit, improved salt and shade tolerance, and 
tolerance of low mowing heights compared to other varieties (Engelke et al. 2002).  The 
physiological and morphological differences between Diamond zoysiagrass and the other tested 
zoysiagrass varieties could explain the differences in herbicide tolerance. 
DIA for percent turfgrass cover further demonstrated the injurious effect of triclopyr by 
revealing statistically less Diamond zoysiagrass cover on plots receiving fluazifop at 0.11 and 
0.16 kg/ha tank-mixed with triclopyr compared to those receiving fluazifop alone (Table 3G).  
Pearsons correlation coefficients between visual injury evaluations, DIA cover analysis, 
application interval, fluazifop, and triclopyr to determine relationships; results showed a weak 
negative relationship (r= -0.3) between visual injury evaluations and DIA cover (Table 3I); 
fluazifop had a moderate positive relationship (r= 0.6) with visual evaluations; conversely, 
fluazifop had a weak negative relationship (r= -0.3) with DIA cover; unlike the Zoysia 
consortium, triclopyr had a weak positive relationship (r= 0.2) with visual evaluations; likewise , 




 „Tifway‟ bermudagrass can be controlled in several zoysiagrass varieties with four 
sequential applications fluazifop at 0.11 and 0.16 kg/ha tank-mixed with triclopyr on four week 
application intervals; however, applications of fluazifop tank-mixed with triclopyr are not 
recommended for use on „Diamond‟ zoysiagrass.  Turfgrass managers have a new alternative to 
non-selective glyphosate applications that favor the growth and development of zoysiagrass 
while suppressing bermudagrass, thereby giving the desired turf a competitive edge over the 
weed (Boyd 2000; Ferrell et al 2005; Teuton et al. 2005).  Even though bermudagrass was 
controlled in a 1-yr period in this study, implementing applications of fluazifop tank-mixed with 
triclopyr over a 2-yr period is recommended to control bermudagrass, which will continue to 
regenerate from deep rhizomes; therefore, it is recommended that repeat applications be made 
across multiple years to ensure bermudagrass control in zoysiagrass fairways (Cudney et al. 
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Table 3 A. Research trial locations with respective plant material, species, initiation date, soil type, and fertility regime
a
. 
Location City/State Plant Material Species Initiation Date Soil Type Fertility 





Atlanta Athletic Club Duluth, GA Diamond Zoysiagrass Z. matrella Jun-09 USGA Sand Base 86 
  
Zeon Zoysiagrass Z. matrella Jul-09 USGA Sand Base 86 
ETREC-PSU Knoxville, TN Tifway Bermudagrass C. dactylon x transv. May-08 Sequatchie loam  302 




   
Compadre Zoysiagrass Z. japonica May-08 Sequatchie loam  151 




Honors Course Ooltewah, TN Meyer Zoysiagrass Z. japonica Jun-09 Colbert silt loam 61 
Little Course Franklin, TN Palisades Zoysiagrass Z. japonica May-08  Maury silt loam  86 
New Life Turf Norway, SC Diamond Zoysiagrass Z. matrella Jun-09 Dothan loamy sand  116 
    Palisades Zoysiagrass Z. japonica Jul-09 Dothan loamy sand  33 
a




Table 3 B.  Tifway bermudagrass control and Diamond zoysiagrass tolerance affected by 







 Tifway Bermudagrass Diamond Zoysiagrass 





Fluazifop 0.11 65 6 
Fluazifop 0.16 67 7 
Fluazifop 0.21 67 6 
Fluazifop 0.26 69 9 
LSD<0.001   2 1.5 
Triclopyr 0 61 8 
Triclopyr 1.12 73 6 
LSD<0.001   1 1 
a
 Abbreviation:  WAIA, Weeks After Initial Application. 
b
 A nonionic surfactant was include with each treatment at 0.25% V/V ratio. 
c
 Fluazifop formulated as kg a..i./ha; triclopyr formulated as kg a.e./ha. 
d
 Visually evaluated on a 0-100% scale, based on a 0 = no injury and 100 = complete plant death.
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       Application Tifway 













0.11 0 2 89 
0.16 0 2 90 
0.21 0 2 92 
0.26 0 2 93 
Regression Logarithmic response y = 2.8065ln(x) + 88.551 R
2
 = 0.99 
0.11 1.12 2 93 
0.16 1.12 2 93 
0.21 1.12 2 93 
0.26 1.12 2 93 
Regression N.S. N.S. N.S. 
0.11 0 4 74 
0.16 0 4 86 
0.21 0 4 91 
0.26 0 4 95 
Regression Logarithmic response y = 14.695ln(x) + 74.699 R
2
 = 0.96 
0.11 1.12 4 91 
0.16 1.12 4 93 
0.21 1.12 4 94 
0.26 1.12 4 94 
Regression Logarithmic response y = 2.8298ln(x) + 90.72 R
2
 = 0.96 
LSD(< 0.01)           4 
a




 A nonionic surfactant was include with each treatment at 0.25% V/V ratio. 
c
 Fluazifop formulated as kg a..i./ha; triclopyr formulated as kg a.e./ha. 
d 
Visually evaluated on a 0-100% scale, based on a 0 = no injury and 100 = complete plant death.
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Table 3 D.  Zoysia consortium
a





























0.11 0 12 29 19 
0.16 0 16 40 25 
0.21 0 20 49 35 
0.26 0 23 60 40 
Regression Logarithmic response y = 7.541ln(x) + 11.769 y = 21.55ln(x) + 27.236 y = 15.372ln(x) + 17.786 







0.11 1.12 3 8 30 
0.16 1.12 5 12 34 
0.21 1.12 6 16 36 
0.26 1.12 7 19 40 
Regression Logarithmic response y = 2.8099ln(x) + 2.8977 y = 7.6645ln(x) + 7.6605 y = 6.5732ln(x) + 30.012 







LSD(< 0.001)       3 3 4 
a
 Pooled analysis of Compadre, Meyer, Palisades, and Zeon zoysiagrass. 
b
 Abbreviation:  WAIA, Weeks After Initial Application; WAFA, Weeks After Fourth and Final Application. 
c
 A nonionic surfactant was include with each treatment at 0.25% V/V ratio. 
d




 Fluazifop formulated as kg a..i./ha; triclopyr formulated as kg a.e./ha
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Table 3 E.  Zoysia consortium
a




Fluazifop Application Zoysia consortium 
kg/ha Week Interval   





0.11 2 21 
0.16 2 31 
0.21 2 39 
0.26 2 47 
Regression Logarithmic response y = 17.819ln(x) + 20.296 
      R
2
= 0.98 
0.11 4 16 
0.16 4 21 
0.21 4 26 
0.26 4 32 
Regression Logarithmic response y = 11.396ln(x) + 14.6 




LSD<0.001     3 
a
 Pooled analysis of Compadre, Meyer, Palisades, and Zeon zoysiagrass. 
b 
Abbreviation:  WAFA, Weeks After Fourth and Final Application 
c
 A nonionic surfactant was include with each treatment at 0.25% V/V ratio. 
d
 Fluazifop formulated as kg a.i./ha. 
e




Table 3 F.  Zoysia consortium
a
 and Diamond zoysiagrass tolerance affected by triclopyr 





 Application Zoysia consortium Diamond Zoysiagrass 
kg/ha Week Interval     





0 2 48 38 
0 4 41 22 
1.12 2 21 37 
1.12 4 7 34 
LSD<0.001     2 3 
c
 Pooled analysis of Compadre, Meyer, Palisades, and Zeon zoysiagrass. 
a
 Abbreviation:  WAFA, Weeks After Fourth and Final Application 
b
 A nonionic surfactant was include with each treatment at 0.25% V/V ratio. 
d




Table 3 G.  DIA cover of Zoysia consortium
a





               











0.11 0 81 90 
0.16 0 65 88 
0.21 0 55 79 
0.26 0 48 73 
Regression Logarithmic response y = -23.77ln(x) + 81.095 y = -11.88ln(x) + 92.041 





0.11 1.12 88 74 
0.16 1.12 84 70 
0.21 1.12 82 75 
0.26 1.12 76 71 
Regression Logarithmic response y = -7.64ln(x) + 88.657 y = -1.662ln(x) + 73.777 





LSD(< 0.01)       6 8 
 
a
 Pooled analysis of Compadre, Meyer, Palisades, and Zeon zoysiagrass. 
b 
Abbreviation:  DIA, Digital Image Analysis; WAFA, Weeks After Fourth and Final Application 
c




 Fluazifop formulated as kg a.i./ha; triclopyr formulated as kg a.e./ha 
e 
 DIA cover analysis using SigmaScan
©




Table 3 H.  Pearsons correlation coefficients between visual injury
a
 ratings, digital image 
analysis cover
b
 ratings, fluazifop, and triclopyr on Zoysia consortium
c,d
. 
  Injury DIA Cover Application Inte. Fluazifop Triclopyr 
Injury 1.0 -0.5 -0.2 0.4 -0.7 
n
c
 383 383 383 383 383 
DIA Cover -0.5 1.0 0.2 -0.3 0.4 
n 383 384 383 383 383 
Pr>f <0.001 <0.001 <0.001 <0.001 <0.001 
a
 Injury rating based on visual assessments made by researcher. 
b
 Digital image analysis of cover measure digitally using SigmaScan© Software.
  
c
 Pooled analysis of Compadre, Meyer, Palisades, and Zeon zoysiagrass. 
d




Table 3 I.  Pearsons correlation coefficients between visual injury
a
 ratings, digital image 
analysis  cover
b







 Application Inte. Fluazifop Triclopyr 
Injury 1.0 -0.3 -0.5 0.6 0.2 
n
c
 128 124 128 128 128 
DIA Cover -0.3 1.0 -0.2 -0.3 -0.4 
n 124 124 124 124 124 
Pr>f <0.001 <0.001 <0.001 <0.001 <0.001 
a
 Injury rating based on visual assessments made by researcher. 
b
 Digital image analysis of cover measure digitally using SigmaScan© Software
  
c




IV. TOLERENCE OF SEEDED ‘ZENITH’ ZOYSIAGRASS TO VARIOUS 






 Summer annual weeds such as goosegrass (Eleusine indica (L.) Gaertn.) and crabgrass 
(Digitaria spp.) can hinder seeded zoysiagrass (Zoysia spp.) establishment.  Previous research 
has demonstrated that the AOPP herbicide fluazifop controls various grassy weed species but 
injures emerging zoysiagrass seedlings; however, it has also been reported that when treating 
mature Zoysia spp., fluazifop can be safened with the addition of triclopyr.  Based on these 
observations, research was conducted to evaluate weed control and tolerance of seeded „Zenith‟ 
zoysiagrass (Zoysia japonica Steud.) to various timings (seeding, 2 weeks after emergence 
(WAE) or 4 WAE) and rates of fluazifop (0.11 or 0.21 kg a.i./ha), triclopyr (1.12 kg a.e./ha), and 
fluazifop plus triclopyr (0.11 kg/ha + 1.12 kg/ha or 0.21 kg/ha + 1.12 kg/ha).  Treatments applied 
at seeding did not hinder zoysiagrass germination and development; however, these applications 
did not reduce weed populations compared to the non-treated.  Fluazifop alone at 0.11 and 0.21 
kg/ha applied 2 and 4 WAE injured zoysiagrass seedlings, but injury was reduced with the 
addition of triclopyr.  Fluazifop (0.11 or 0.21 kg/ha) applied alone or tank-mixed with triclopyr 
controlled goosegrass > 70% at 2 and 4 WAE applications.  Fluazifop alone (0.11 kg/ha) applied 
at 2 WAE or fluazifop (0.11 or 0.21 kg/ha) plus triclopyr applied at 2 or 4 WAE yielded the 
greatest zoysiagrass cover.  All fluazifop rates applied 2 or 4 WAE, regardless of triclopyr tank-
mixture, reduced goosegrass cover.  Application of fluazifop tank-mixed with triclopyr 




 Zoysiagrass (Zoysia spp.) is a warm-season turfgrass well adapted for use on golf course 
fairways in the transitional climatic zone, which extends along the 37° N latitude  blending the 
temperate and subtropical zones (Turgeon 1980).  Zoysiagrass has many positive attributes that 
contribute to its overall adaption in this zone, including cold, drought, disease, and shade 
tolerance (Beard 1973; Christians 2004; Vargas 2005).  Traditional zoysiagrass establishment 
has required vegetative propagation; therefore, zoysiagrass has often been overlooked as a 
transitional fairway turf due to the slow establishment rate from sprigs and the high cost 
associated with sodding.  Research indicates that more than two growing seasons are required to 
establish sprigged „Meyer‟ zoysiagrass (Zoysia japonica Steud.) (Carroll et al.. 1996).  Patton et 
al. (2006) reported the installation of zoysiagrass sod can cost $40,000 per hectare but full 
coverage is instantly achieved; sprigging zoysiagrass cost only $7,500 per hectare but requires 2-
3-yrs until complete coverage.  
Many of the first available seeded zoysiagrass varieties had poor seed germination rates 
and unacceptable turf quality (Patton et al. 2006); however, the commercially available variety 
„Zenith‟ (Z. japonica Steud.) has high seed germination rates and a quality comparable to the 
industry standard „Meyer‟ zoysiagrass (NTEP 2007).  Furthermore, establishing seeded „Zenith‟ 
zoysiagrass has an economic advantage to sodding or sprigging, reducing establishment costs to 
only $2,200 per hectare and can achieve full coverage in 1-yr (Patton et al. 2004a; Patton et al. 
2006; Zuk and Fry 2005). 
Controlling weed competition during establishment of seeded zoysiagrass is necessary to 
expedite turfgrass development (Carroll et al. 1996; Johnson 1976).  Failure to control perennial 
weeds prior to establishment and summer annuals after germination significantly reduces 
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zoysiagrass cover (Patton et al. 2004b).  Early weed control during establishment of warm-
season turfgrasses is critical to their winter survival (Bingham and Shaver 1981).  Establishing 
seeded zoysiagrass is recommended during early spring and summer; however this timing 
coincides with the germination of difficult to control summer annual weeds, including crabgrass 
(Digitaria spp.) and goosegrass (Eleusine indica (L.) Gaertn.) (Patton et al. 2004b).   
Many herbicides are labeled for grassy and broadleaf weed control in established 
zoysiagrass, but few are labeled for use in seedling zoysiagrass (Patton et al. 2007).  Portz et al. 
(1981) found that the preemergence (PRE) applications of siduron effectively controlled annual 
grassy weeds with minimal phyototoxic injury to seeded zoysiagrass; however, siduron does not 
provide season long control of annual grasses (Dernoeden, 1984).  Fluazifop is labeled for the 
control of grassy weed species in established zoysiagrass (Anonymous 2004), but significant 
injury and cover reduction of „Zenith‟ zoysiagrass seedlings has been reported when fluazifop 
(0.07 kg/ha) is applied within 4 weeks after emergence (WAE) (Patton et al. 2007).  Triclopyr is 
a synthetic auxin herbicide labeled for the control of broadleaf weeds in zoysiagrass turf 
(Anonymous 2008).  McElroy and Breeden (2006) indicated that tank-mixing fluazifop with 
triclopyr reduced injury to established stands of „Cavalier‟ [Z. matrella (L.) Merr.] and „Meyer‟ 
zoysiagrass. 
Since a PRE application of siduron provide initial control of summer annual grasses and 
POST applications of fluazifop and triclopyr provide both grass and broadleaf control while 
being reported safe on established zoysiagrass, research was conducted to evaluate weed control 
and tolerance of seeded „Zenith‟ zoysiagrass to various timings and rates of fluazifop, triclopyr, 
and fluazifop plus triclopyr.  The objective of this study was to determine the optimal timing and 
 
 74 
rate of fluazifop, triclopyr, or fluazifop plus triclopyr for weed control during the establishment 
seeded „Zenith‟ zoysiagrass. 
 
Materials and Methods 
 Experiments were initiated on May 24, 2007 and May 12, 2008 at the University of 
Tennessee East Tennessee Research and Education Center - Plant Sciences Unit (ETREC-PSU) 
in Knoxville, TN.  Soil type was a Sequatchie loam soil [Fine-loamy, siliceous, semiactive, 
thermic Humic Hapludult] measuring 6.2 in soil pH and 2.1% in organic matter content. Soil was 
amended with a starter fertilizer applied at 50 kg N/ha.  Prior to seeding, a broadcast 
preemergence application of siduron was applied at 6.7 kg/ha.   The tilled bed was then seeded 
with 52.75 kg/ha of „Zenith‟ zoysiagrass.  
After seeding, the area was covered with germination blankets a 10 day period.  Blankets 
were then removed and the area was initially mowed with a rotary mower (7.6 cm) and gradually 
lowered to fairway height (1.2 cm) with a reel mower over the following days.  For the duration 
of the study, plots were managed as a golf course fairway with regard to mowing, fertility (151 
kg N/ha per growing season), and irrigation. 
The experimental design was a randomized complete block of four replicates with 
experimental units measuring 3 m
2
.  Herbicides treatments were applied with a nonionic 
surfactant
 
at 0.25% v/v ratio in a water carrier volume of 280 L/ha.  Applications were made with 
a CO2-pressurized sprayer boom which employed four 11002 XR flat fan nozzles
 
with 24 cm 
spacings at 276 kPa.  Application timings and herbicide treatments are listed in Table 4A. 
Visual evaluations of percent „Zenith‟ zoysiagrass seedling injury and percent weed 
control were taken every two weeks.  Weeds evaluated for control were carpetweed (Mollugo 
 
 75 
verticillata L.), crabgrass (Digitaria spp.), and goosegrass (Eleusine indica (L.) Gaertn.).  
Control was evaluated relative to the non-treated on a 0 to 100% scale (0% = no population 
reduction or reduced growth; 100% = complete population death).  The vertical point quadrant 
method was used to determine percent cover (0-100%) of „Zenith‟ zoysiagrass and goosegrass 98 
DAE (Gaussoin and Branham 1989).  The vertical quadrant was constructed of a metal framed 
grid spaced on 100 mm centers.  Once the grid was laid on a plot, the plant material located 
under the intersection of a grid point was recorded as a count.  The number of counts was 
divided by the number of grid intersections and multiplied by 100 to yield a percent cover for 
each plot. 
Analysis of variance was conducted using MIXED models (SAS 2004) and analyzed as a 
factorial (three application timings by two fluazifop rates by two triclopyr rates).  Application 
timing by fluazifop rate by triclopyr rate was evaluated to determine if there was an interaction.  
Mean separation was done using Fisher‟s protected LSD (P ≤ 0.05). 
Results and Discussion 
At seeding herbicide applications did not injure zoysiagrass or control weeds compared to 
the non-treated throughout the duration of the study (Table 4A).  PRE application of siduron did 
not impede zoysiagrass emergence, similar to observations of Portz et al. (1981); however, 
crabgrass control was > 95% for the length of the study, contrasting results of Dernoeden (1984) 
who reported that a single PRE application of siduron did not provide season long control of 
crabgrass. 
At 28 days after emergence (DAE), a significant (P < 0.01) application timing by 
fluazifop rate by triclopyr rate interaction was observed for zoysiagrass injury and goosegrass 
control and a significant (P < 0.001) application timing by triclopyr rate interaction was observed 
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for carpetweed control; therefore, the interactions are reported rather than the main effects.  
Fluazifop-alone at 0.11 and 0.21 kg/ha applied 2 WAE injured zoysiagrass 12 and 13%, 
respectively.  Patton et al. (2007) reported fluazifop alone at 0.07 kg/ha injured „Zenith‟ 
zoysiagrass from 8 to 50% from applications over a 3-yr study.  However, fluazifop at 0.11 and 
0.21 kg/ha applied with triclopyr injured zoysiagrass only 7%, respectively, agreeing with 
observation by McElroy and Breeden (2006) who reported three sequential applications of 
fluazifop at 0.11 kg/ha plus triclopyr caused no injury to established stands of „Meyer‟ and 
„Cavalier‟ zoysiagrass; triclopyr alone showed no visible zoysiagrass injury.  Goosegrass was 
controlled ≥ 72% for fluazifop at 0.11 and 0.21 kg/ha applied alone or tank-mixed with triclopyr 
(Table 4A); triclopyr alone controlled goosegrass 48%.  Pooled across fluazifop rates, triclopyr 
controlled carpetweed 88% (Table 4B). 
 At 42 DAE, a significant (P < 0.05) application timing by fluazifop rate by triclopyr rate 
interaction was observed for zoysiagrass injury and a significant (P < 0.001) fluazifop rate by 
triclopyr rate interaction was observed for goosegrass control; therefore, the interactions 
arereported rather than the main effects.  As seen in the 2 WAE applications, triclopyr safened 
the use of fluazifop on zoysiagrass seedlings.  Fluazifop at 0.11 and 0.21 kg/ha applied alone 
injured zoysiagrass 12 and 16%, respectively, while the addition of triclopyr reduced injury to 6 
and 9% respectively (Table 4A).  Zoysiagrass recovered from the 2 WAE applications (injury < 
5%).  Goosegrass control ranged from 67 to 78% from either rates of fluazifop alone or tank-
mixed with triclopyr (Table 4C); triclopyr alone controlled goosegrass 43%.  Carpetweed control 
was >99% throughout the entire study due to the drop in mowing height. 
 At 56 DAE, a significant (P < 0.01) application timing by fluazifop rate interaction was 
observed for zoysiagrass injury and a significant (P < 0.001) fluazifop rate by triclopyr rate 
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interaction was observed for goosegrass control; therefore, the interactions are reported rather 
than the main effects.  Zoysiagrass fully recovered from the 2 WAE application and injury was < 
6% from the 4 WAE application (Table 4D).  These results agree with those of Patton et al. 
(2007) who noted fluazifop injury persisted for a 3 week period before full zoysiagrass seedling 
recovery.  Fluazifop alone or tank-mixed with triclopyr controlled goosegrass controlled ranged 
from 70 to 75% to either rates of fluazifop alone or tank-mixed with triclopyr (Table 4C); 
triclopyr alone controlled goosegrass 23%. 
 At 98 DAE, the vertical quadrant method was used to determine percent zoysiagrass and 
goosegrass cover.  Zoysiagrass cover had a significant (P < 0.05) application timing by fluazifop 
rate by triclopyr rate interaction and goosegrass cover had a significant (P < 0.01) application 
timing by fluazifop rate interaction; therefore, the interactions are reported rather than the main 
effects.  In general, fluazifop tank-mixed with triclopyr contained greater zoysiagrass coverage 
than fluazifop applied alone when applied after emergence of zoysiagrass seedlings (Table 4D).  
Fluazifop at 0.21 kg/ha plus triclopyr applied 2 WAE had 91% zoysiagrass cover; however, 
similar rates of fluazifop alone provided only 69% cover; fluazifop at 0.11 kg/ha applied alone or 
tank-mixed with triclopyr provided 83 and 87% cover, respectively.  4 WAE applications of 
fluazifop at 0.11 and 0.21 tank-mixed with triclopyr included 93 and 88% cover, respectively; 
however, similar rates applied alone had 76% cover.  Goosegrass cover was 1-3% for either rates 
of fluazifop alone or tank-mixed with triclopyr at 2 or 4 WAE applications (Table 4E). At 
seeding applications and triclopyr alone at 2 and 4 WAE displayed no differences in zoysiagrass 
(Table 4D) or goosegrass (Table 4E) cover compared to the non-treated. 
 „Zenith‟ zoysiagrass is a practical and economical alternative to traditional vegetative 
establishment of zoysiagrass; however, it is critical to control summer annual weeds to optimize 
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zoysiagrass establishment (Carroll et al. 1996; Johnson, 1976; Patton et al. 2004b).  Successful 
POST emergence control of crabgrass and goosegrass requires multiple applications of MSMA 
(Bingham and Shaver 1981); however, our data indicate that single PRE application of siduron 
(6.7 kg/ha) and POST applications of fluazifop alone or tank-mixed with triclopyr provide 
season-long crabgrass and goosegrass control.  Results of this study and those of Patton et al. 
(2007) indicate that applications of fluazifop alone was injurious to zoysiagrass 2 and 4 WAE, 
leading to reduced turfgrass cover.  However, fluazifop tank-mixed with triclopyr applied 2 or 4 
WAE safens applications to „Zenith‟ zoysiagrass seedlings, provides broadleaf and grassy weed 
control, and contains greater zoysiagrass coverage.  Lewis et al. (2008) reported other AOPP 
herbicides have been safened for use on zoysiagrass with the addition of triclopyr; therefore, 
more AOPP herbicides plus triclopyr could have utility in establishing seeded „Zenith‟ 
zoysiagrass.  Based on results from this study, fluazifop (0.11 or 0.21 kg/ha) plus triclopyr (1.12 
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Table 4 A.  ‘Zenith’ zoysiagrass injury and goosegrass control affected by a fluazifop rate by triclopyr rate by application 


















     28 DAE 42 DAE 28 DAE 
Fluazifop 0.11 Seeding 0 0 0 
Fluazifop 0.21 Seeding 0 0 0 
Triclopyr 1.12 Seeding 0 0 0 
Fluazifop plus triclopyr 0.11 + 1.12 Seeding 0 0 0 
Fluazifop plus triclopyr 0.21 + 1.12 Seeding 0 0 0 
Fluazifop 0.11 2 WAE 12 1 72 
Fluazifop 0.21 2 WAE 13 5 76 
Triclopyr 1.12 2 WAE 1 0 48 
Fluazifop plus triclopyr 0.11 + 1.12 2 WAE 7 0 83 
Fluazifop plus triclopyr 0.21 + 1.12 2 WAE 7 1 81 
Fluazifop 0.11 4 WAE - 12 - 
Fluazifop 0.21 4 WAE - 16 - 
Triclopyr 1.12 4 WAE - 4 - 
Fluazifop plus triclopyr 0.11 + 1.12 4 WAE - 6 - 
Fluazifop plus triclopyr 0.21 + 1.12 4 WAE - 9 - 




 Abbreviations:  DAE, Days After Emergence; WAE, Weeks After Emergence. 
b
 A nonionic surfactant was included with each treatment at 0.25% V/V ratio. 
c
 Fluazifop displayed as kg a.i./ha; triclopyr displayed as kg a.e./ha. 
d
 Evaluated visually on a 0-100% scale, based on a 0 = no injury/control and 100 = complete plant death 
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Triclopyr Timing Carpetweed 





    28 DAE 
0 Seeding 0 
1.12 Seeding 0 
0 2 WAE 8 
1.12 2 WAE 88 
0 4 WAE - 
1.12 4 WAE - 
LSD(< 0.001)   5 
a
 Abbreviations:  DAE, Days After Emergence; WAE, Weeks After Emergence. 
b
 A nonionic surfactant was included with each treatment at 0.25% V/V ratio. 
c






Table 4 C.  Goosegrass control affected by fluazifop rate and triclopyr rate 





             











    
42 DAE 56 DAE 
0.11 0 73 75 
0.21 0 78 74 
0.11 1.12 71 70 
0.21 1.12 67 71 
0 1.12 43 23 
LSD(< 0.01)       12 11 
a
 Abbreviations:  DAE, Days After Emergence; WAE, Weeks After Emergence. 
b
 A nonionic surfactant was included with each treatment at 0.25% V/V ratio. 
c
 Evaluated visually on a 0-100% scale, based on a 0 = no control and 100 = complete 
plant death 
d










   
Fluazifop Timing Zoysiagrass 







0 Seeding 0 
0.11 Seeding 0 
0.21 Seeding 0 
0 2 WAE 0 
0.11 2 WAE 0 
0.21 2 WAE 0 
0 4 WAE 0 
0.11 4 WAE 3 
0.21 4 WAE 6 
LSD(< 0.01)   2 
a
 Abbreviations:  DAE, Days After Emergence; WAE, Weeks After Emergence. 
b
 A nonionic surfactant was included with each treatment at 0.25% V/V ratio. 
c





Table 4 D.  ‘Zenith’ zoysiagrass cover affected by fluazifop rate by triclopyr rate by 














     98 DAE 
Fluazifop 0.11 Seeding 75 
Fluazifop 0.21 Seeding 69 
Triclopyr 1.12 Seeding 72 
Fluazifop plus triclopyr 0.11 + 1.12 Seeding 65 
Fluazifop plus triclopyr 0.21 + 1.12 Seeding 67 
Fluazifop 0.11 2 WAE 83 
Fluazifop 0.21 2 WAE 69 
Triclopyr 1.12 2 WAE 73 
Fluazifop plus triclopyr 0.11 + 1.12 2 WAE 87 
Fluazifop plus triclopyr 0.21 + 1.12 2 WAE 91 
Fluazifop 0.11 4 WAE 76 
Fluazifop 0.21 4 WAE 76 
Triclopyr 1.12 4 WAE 72 
Fluazifop plus triclopyr 0.11 + 1.12 4 WAE 93 




LSD(< 0.01)   11 
a
 Abbreviations:  DAE, Days After Emergence; WAE, Weeks After Emergence. 
b
 A nonionic surfactant was included with each treatment at 0.25% V/V ratio. 
c
 Fluazifop displayed as kg a.i./ha; triclopyr displayed as kg a.e./ha. 
d
 Evaluated using the vertical quadrant method on a 0-100% scale, based on a 0 = no 











 Fluazifop Timing Goosegrass 





    98 DAE 
0 Seeding 20 
0.11 Seeding 17 
0.21 Seeding 18 
0 2 WAE 18 
0.11 2 WAE 3 
0.21 2 WAE 1 
0 4 WAE 20 
0.11 4 WAE 2 
0.21 4 WAE 1 
LSD(< 0.01)   7 
a
 Abbreviations:  DAE, Days After Emergence; WAE, Weeks After Emergence. 
b
 A nonionic surfactant was included with each treatment at 0.25% V/V ratio. 
c
 Rated using the vertical quadrant method on a 0-100% scale, based on a 0 = no cover 
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